Abstract: The development of Internet of Things (IoT) and latest Information and Communication 4
Introduction 22
Contaminated household environment and risky hygiene practices cause a big amount of disease burden in 23 developing country. The lack of good water supply and prevalence of risky hygiene behaviour could cause 24 life years lost, infectious diseases and plague, as well as large economic losses and negative publicity to 25 governments. Overwhelming evidences suggest that predicting the behaviour change has significant positive 26 influence on addressing these concerns [1] . This paper aims to enhance water hygiene practices through 27 understanding water use behaviour in IoT enabled environment to further improve water demand and water 28 quality management, which the optimal water operation and management will directly impact on the 29 consumers' water hygiene practice and reduce the risk of causing the disease to improve the public health. 30 This paper will provide the necessary tools for improve sanitation and substantial reduction in water supply 31 needs, gain more attentions by the water utilities, food industry and academy, due to the consequence to 32 human health and influence on fresh water ecosystems [2] . When residents use less water in a specific time, 33 the more chlorine should be added to maintain the disinfection level of the clean water. Also, the demand and 34 water use behaviour in different area could affect the operations (supply amount and treatment process) of 35 different treatment works in the same water network. Thus, understanding of water use behaviour will benefit 36 water demand management, and plays key role in water network management and reducing the vulnerability 37 of freshwater supply (such as researches at Advizzo and iWidget). Moreover, the understanding of water use 38 behaviour could contribute to optimize water demand and water quality management to improve the water 39 hygiene practice for public health. 40
41
Belonging to the general healthcare practices research domain, the water hygiene and its behaviour 42 intervention issues, are challenging tasks to clinicians and decision maker who are seeking to monitor 43 behaviour and transfer medical advices in to intervention guidance [3] . Water related behaviour varies 44 differently by areas, also, many water use related behavioural interventions have not yet been empirically 45 investigated because they do not lead themselves to study under existing research paradigm [4] . Models 46 including the Theory of Planned Behaviour [5] , the theory of reasoned action and Schwartz's norm activation 47 perdition power in intention and behaviour [27, 29] . Interestingly, on conceptual level, various divergent water 110 conservation frameworks also exist on adding external determinants (or predictors) to specific behaviour (see 111 examples [30 -33] ). Lam [33] also argued that TPB alone is not sufficient as a basis for understanding people' 112 intention to conserve water. In the safety and water use area, similar arguments about TPB theory could also 113 been found in literature. Inauen [34, 35] reviewed thirteen models for predicting behavioural intervention in 114 safe water use area and concluded that TPB has limited prediction capability and there are more constructs, 115 which should be considered to improve its prediction ability. Consequently, some other constructs to TPB 116 will need to be added in order to increase the utility and predictive power for residential water conservation 117
behaviour. The behavioural model applied in this research will add two external constructs and exam the 118 modelling result through case study result. Moreover, according to Hofstede's individualism-collectivism 119 dimension, different individuals from different background may show variable behavioural relations in the 120 TPB model. With the application of IoT environment, many users from different background will participant 121 the intervention process. To increase the modelling accuracy, there is a need to put ETPB variables 122 configuration into consideration in this study. General hypothesis for ETPB framework is present in section 123 3.2 and a model configuration case is given in case study section 4. 124 125
Architecture 126
Specified by International Telecommunication Union (ICU), IoT framework is defined into five different 127 layers: perception layer, access layer, internet lay, service management layer and application layer. In this 128 study, the perception layer is consisted of water meter, GPS/sensors and mobile/internet end user platform. 129
The water meter collected water usage readings at different water end use points. GPS/sensors (via mobile 130 phone) are designed to collect and send geographic data to the server. Internet and mobile platform 131 (application) is designed to collect and feedback water use behaviour data, and provide information for all 132 the related water conservation project. The smart water meters are a native long-range solution based on 133 169MHz smart metering frequency band with a transmission range of up to 1 -1.5 km to a concentrator. the system provides all the users with the prediction of their future water usage and their water behavioural 141 intervention pattern. To increase the effectiveness of the whole intervention process, the intervention 142 guidance, in the meantime, is translated by persuasive strategies and gaming mechanism to increase the user 143 acceptance. The system will classify the behaviour via scoring result and feedback the specific behavioural 144 intervention suggestions to the user including "you can do much better than you through via these tips of 145
water conservation" for increasing the subjective norm, "you can install this device to help you save water in 146 a rush time" if the score is low for answering the "how confidence when save water in a rush time". 147
Corresponding local water conservation policy and activities are pushed to the targeted users as well to 148 enhance their water conservation behaviour. 
Data Collection 155
The construction for the Expanded Theory of Planned Behaviour questionnaire was generally followed the 156 procedures in Fishbein and Ajzen's discussion [36] . TPB 7-point Likert scales (1 = strongly disagree to 7 = 157 strongly agree) have been applied previously in water conservation behaviour research with similar research 158 purpose, and they have established an acceptable reliability [37, 38] . Apart from the behavioural data, 159 residential character data such as income, education, number of residents are also included in the 160 questionnaire to collect data supporting the ANN water use modelling. In this study, we apply wearable 161 devices and online platform to investigate water use psychological behaviour. Users could access through 162 mobile application or report the location/tag use information through this platform. Water use data is mainly 163 collected from smart meters install for every household and taps need monitor. 164
165
Instead of using the full-questionnaire, we promoted the simplified question items and easy understanding 166 answers. All the constructs are directly measured using just one single item (such as "how confident you feelyou can manage you water conservation activity for this week?" replace the original detailed measurementin the questionnaire). Corresponding direct measurement are following the TPB questionnaire design method 169 (direct measure) published by Ajzen in 1991 [5] . the user will be invited to fulfil a complete detailed 170 questionnaire for every two months. 171 172
Behaviour Intervention Modelling 173
As discussed above in Section 2, we present the expanded Theory of Planned Behaviour modelling basis and 174 the model is innovative by adding two external variables to increase the prediction power and accuracy. 175
Water conservation regarding to water hygiene, should not only depend on local condition, but also be 176 influenced by historical water use background and freshwater availability in the past [39] . Additionally, 177
another factor called past behaviour, past action, pro-environmental behaviour, self-reported past behaviour 178 or habit, has been added in TPB for improving the explanation of environmental behaviour [28, 37, 40, 41] . 179
Ouellette and Wood [42] argue that our actions are not determined by reasoning but by habitual and automatic 180 processes which measured by a past action was engaged. Other authors, by the contrast, have been sceptical 181 of the influence of all independent variables in TPB on intention [343, 44, 45] . In this case study, as residential 182 water conservation habit in the mostly research areas are kept, and likely to affect the influence of attitude, 183 subjective norms and PBC on intention, however, whether the affection is attenuation remains unknown. Our 184 aims, therefore, is to explore its prediction power to water conservation intention and its attenuation affection 185 on TPB variables by adding "past behaviour" in TPB. 186 187 Summarizing, this research added past behaviour and self-efficacy in TPB framework as an extension version 188 to understand how residential water conservation behaviour changes. Equation (3). 254
Where WCD is the standardized water consumption data as output vector, R is the standardized input vector 256 which consisting house size (HS), number of resident (NOR), month (M), education level (EL), income level 257 (IL) and questionnaire calculated behaviour value (BV); F(x) is the sigmoid function; 1 is the weight 258 vector between input and hidden layer; 2 is the weight vector between hidden and input layer; Ψ and 259 Ψ 0 are the threshold vectors of hidden layer and output layer; is an unit matrix. The mean prediction error 260 (%) of water consumption model based on ANN between the original data and predication data is less than 261 0.8% presented in previous publication [46] . 262 263
Data Feedback 264
Interactive information technology designed for individual behaviour change is known as persuasive 265 technology [47] . The persuasive technology contains three phases for promoting the intervention information, 266 which are understanding the key issue of the system, analysing the persuasion context (intent, event, strategy) 267 and system quality design. Previous researches applied persuasive technology in healthcare domain won 268 success in the past decade [48] . By introducing the game mechanism in persuasive design step two, the IoT 269 system could feedback water use prediction result via social media and wearable device competition game 270 mechanism and sharing function. Gaming function design includes the awarding system, water conservation 271 riddle, Facebook/Twitter sharing, 3D visualisation for water saving outcomes. The game mechanism applied 272 in this IoT system has been proved efficient in many previous projects such as FitBit 
Case Study and ETPB Calibration 278
To test the ETPB model and the empirical model calibration ability of the IoT system, a case study in 279
China is conducted. The data collected from this case is applied for the test of ETPB model configuration 280 and hypothesis testing. To exam ETPB questionnaire and guarantee the reliability of the data collection 281 method, a pilot study is conducted in the research area. Following by a national wide survey, 3000 282 residents from four different areas are invited to join our research. Sampling result and questionnaire 283 content are given in Section 4.1 and 4.2. ETPB model calibration is presented in section 4.3. Section 284 4.4 and 4.5 presented the role of self-efficacy and past behaviour. 285 286
Sampling 287
Prior to the data collection, a pilot study based on face-to-face interview, was carried out on a sample 288 of 23 subjects to ensure the validity of the ETPB questionnaire setting. This pilot study was refined 289 through water conservation experts and residents' reviews in order to guarantee the validity andreadability. SZ, a southern city of China facing critical water problem and has high population mobility, 291 was finally chosen as a representative location for conducting pilot study. SZ is a new developed mega 292 size city and most of its populations are from other provinces. SZ is also acting as the pioneer of water 293 conservation project in China and has its own water conservation association for handling all the water 294 conservation promotion. There are 84 face-to-face interviews with equal male and female quotas, carried 295 out with respondents who were voluntarily be chosen to complete questionnaire in the town centre. 13 296 questionnaires had to be removed due to the inconsistencies and incomplete data. On average, 297 respondents took 8-17 minutes to complete the questionnaire with fully understanding of the content. 298
299
The follow-up national wide data collection for this research was conducted from September 2014 to 300
July 2015. The behaviour data collection system was set with a submission decline when indicates 301 uncompleted questions, thus, missing values will not occur in the dataset. Also, in order to increase 302 honest responses, the internet survey was designed to offer an anonymous feeling with a preamble 303 advising [44] . Before the respondents start to complete questionnaire, introduction of preamble advising 304 which is mentioned the importance of this research and faithful reply, was given in the study. Two 305 criteria were set before the questionnaire being processed: the respondents should be over 18 years old 306 and know very well about daily water use activity in their property. 
Questionnaire 323
The construction for the Expanded Theory of Planned Behaviour questionnaire was generally followed 324 the procedures in Ajzen's discussion [34] . TPB 7-point Likert scales (1 = strongly disagree to 7 = 325 strongly agree) have been applied previously in water conservation behaviour research with similar 326 research purpose, and they have established an acceptable reliability [37, 38] . All the constructs that 327 related to residential water conservation behaviour, are shown sufficient reliability. Cronbach alpha 328 reliability coefficient of the sampling shown in Table 1 were applied with a result of good-to-excellent 329 reliability ranging from 0.6 to 0.9. 330 
334

ETPB Calibration 335
A Confirmatory Factor Analysis (CFA) using maximum likelihood method was conducted to test 336 construct validity for proposed latent variables. Model goodness-to-fit was assessed with various 337 measures as below: x 2 (chi-square), Goodness of Fit Index (GFI), Root Mean Square Error of 338 Approximation (RMSEA), Comparative Fit Index (CFI), Incremental Fit Index (IFI, also known as 339 DELTA2), and Tucker-Lewis Index (TLI, also known as NNFI). The good-of-fit x 2 is very sensitive 340 to sample size and the large chi-square value of CFA reveals a high degree of freedom. and construct correlation were calculated and depicted in Table 1 . The result indicated an adequate 355 convergent validity with all factor loading values, AVE, CR were above 0.5, 0.6 and 0.7 respectively. 356
The hypotheses 1, 2 and 3 were initially tested by original TPB structural model (model 1, see Figure  357 2) which has a satisfactory model fit ( t=5.468, p< 0.01), self-efficacy (β=0.302, t=3.104, p< 0.01) and subjective norms (β=0.076, t=1.053, p> 397 0.05), thus, H5 was partially confirmed. In order to evaluate the H6, the 95% confidence intervals ( 0.95 ) 398 for standardized coefficients [29] In previous research, studies (such as [27]) have already pointed out that using principal components 409 factor analysis method could identify the distinction between PBC and Self-efficacy. In this research, 410 the principal components analysis (KMO value = 0.845, Chi-square = 929.538, df=21, p<0.001) with 411 factor matrix rotation produced PBC and self-efficacy are shown in table 2. PBC is significantly related 412 to the external beliefs such as water price and in the inconvenient water use circumstance. Self-efficacy 413
is not associated with these items, but with the belief related to confidence to save water and control of 414 water conservation decision making. The result provided evidence for discriminate validity between the 415 two conceptualizations of control. In Figure 6 , it also shown that the inclusion of self-efficacy in the 416 original TPB model did not attenuated the relationship between PBC and intention, which indicated the 417 variance that PBC shares with intention is not accounted for by self-efficacy. This support the findings 418 that have made the distinction between self-efficacy and PBC in water conservation application. 419 Table 2 . Distinguishing self-efficacy in TPB: rotated factor matrix for principal components analysis 421 
Items
The role of Past Behaviour 423
In this study, mediation analysis is performed to fully understand the inclusion of past behaviour to the 424 original TPB model relationship. The Sobel test and bootstrapping method (with default N=1000 425 bootstrap resamples) were used to calculate the indirect effects from it. The Sobel test describes the 426 mediator potency by creating the asymptotic standard error using multivariate delta method [50] . 427
Analysis process is performed by a SPSS-micro which offers an estimation of indirect effect and 95% 428
Monte Carlo confidence interval with effect size measures [51] . 429
430
The finding in Table 3 
441
Discussion and conclusion 442
Little research has focused on residential water conservation decision-making process in IoT 443 environment. This research proposed a behavioural information system for understanding the water 444 conservation behaviour and lead to enhance water demand and water quality management, these will 445 facilitate water hygiene practise to improve public health and prevent disease due to risky water hygiene 446 practice. By incorporating two constructs in TPB: frequency of past water conservation behaviour and 447 self-efficacy as significant predictors of residential water conservation behaviour, the proposed system The IoT system has been proved to offer easy access to healthcare related behaviour. From our project, 453 the system increased the delivery speed and offered all day access to the intervention guidance. This 454 system somehow can improve the effect of the behaviour intervention project delivery. Moreover, 455 through our communication with our users, there are a lot of users willing to try IoT technologies and 456 agreed the 24/7 easy access method. Different from individualistic cultures (e.g. UK or US), people in 457 our research area emphasize shared values and are relative loyal to the collective "we", has its 458 uniqueness cultural background, according to Hofstede's individualism-collectivism dimension. High 459 power distance, which refers to the high extent of individuals' acceptance that government of 460 organization is distributed equally, as another label for Chinese culture also makes Chinese residents 461 perceive lower internal control locus with a belief that certain behaviour is more influenced throughintention would be stronger in countries high in collectivism and power distance. Our findings support 464 this argument, having a larger correlation (standard solution value 0.31 in model 1) for the relation 465 subjective norms (SN) to intention. In the TPB theoretical application perspective, these findings about 466
Chinese culture differences have important practical implications for water conservation project 467 managers in understanding drivers of residential water conservation behaviour and when starting 468 marketing promotions across nation. The impact of subjective norm on conservation intention is greater 469 in China, thus, promotion messages should likely be more effective in persuading residents to participate 470 the water conservation activities compared to individualistic and low power distance countries. 471
472
Attitude was the strongest predictor of residential water conservation intention in this study, having a 473 larger coefficient than all other constructs in both TPB and ETPB models. This result is consistent with 474 previous finding [53] in Bulgaria which attitude is the most effective TPB component on water help to current Chinese water conservation projects. All the behaviour intervention modelling result will 488 be written as guidance and published on behavioural intervention platform by using data feedbackAs shown in Table 3 , this study indicated that among the four mediator variables in proposed ETPB 492 model, only subjective norms cannot significantly mediate the impact of past behaviour on water 493 conservation intention. This finding implied that past behaviour shapes attitude, self-efficacy and PBC 494 towards a behaviour, and these will enhance residential water conservation decision. Accordingly, water 495 conservation project managers should consider the residential water conservation background areas 496 before starting to promote and install water conservation technologies. It is suggested that water 497 conservation technologies should fit past residential water conservation background (behaviour). For 498 example, if the residents in an area have a long-term habit to take short shower, the corresponding 499 technologies in enhanced shorter shower time will be more easily to gain success in the case. And the 500 development of more effective water conservation strategies is essential to improve their residential 501 experiences while participate a project. 502
503
The present study in this paper contributes to examine the past behaviour influence on residential water 504 conservation intention, attitude, PBC, subjective norms and self-efficacy, which are little addressed. The 505
Control of past water conservation behaviour did not attenuate the influence of TPB relationship and 506 self-efficacy which is consistent with Hagger's findings [29, 39] , but in contrary to the previous studies 507 (see examples [40, 43] ). The lack of social cognitive attenuation influence by past behaviour suggests 508 that past water conservation behavioural engagement does not has the similar cognitive-reducing 509 influences on residential water conservation intentions that reported in literature. One of the possible 510 reason may be that most residents do not have organized past behavioural patterns in study care. 511 512 Moreover, apart from research findings, several limitations of this study should be pointed out. Firstly, 513 due to the complexity of the behavioural information format, this information system based on IoT 514 environment did not address the translation method for other behavioural information such as image 515 and video. Further research, therefore, will investigate more detailed solutions for translatingindividual's behavioural intervention process, however, for a community and city level, the modelling 518 method in the system cannot work very effectively due to the theory basis we applied in this research. 519
We will apply a community based behavioural intervention model in the system to simulate large 520 population's behaviour in the future research. Adding the populated information in the consumption 521 modelling process could ideally offer a solution for this limitation. Thirdly, some other analysis and 522 machine learning technologies such as cluster analysis and decision tree are also suggested for digging 523 more information of behaviour, should be considered to apply in the further research. 
